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Atest Serum potassium level fell from 4.3 to 3.3 mEq/L As 
IXT '° =° '^S/'^L. VPCs occun-ed andt;erl 
l&ter nr'if^^f ^'^^tion ("Glucosa" section at cen- 
Kt LroTh '""^^^^^^-l again 

Pbe o« VPrf.'^ ^^"""T '''^^•^^ norepinephrine 
^inprf m occurred and began to decrease before 
Sion P,?""^' '^^'J^^cy and did not rise after glucose 
& 3h2«T^"""'P''""^ ^'^ -Change for 30 
Kl ri5n^''^'''/"'=?1^^ ^' ^5 and reached 
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|od glucose level as compared with that in the awake 

fehln«!f i"^'^ "^^^^^ ^''P'^" discrepancy be- 
^. Wood glucose level and VPCs during sleep. 
L^the insuhn tolerance test, paroxysm of VPCs 
ST*^"? elevations of plasma 

"if" ^'^^ « in the serum 
level to 3.3 mEq/L. Previous investigators 
gt hypokalemia itself does not seem to produce 
- . f ™ the serum potassium level faUs below 
ivof t"P* ? potassium level, 

}y at least contribute to the occurrence of VPCs 
:}on with increased catecholamine levels 
»ght be a threshold of blood glucose to cause 
range of 50 mg/dL. In a study of normal 
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Fatal Hepatitis Associated With 
Ketoconazole Therapy 

Patricia A. Duarte, MD; Ghee C. Chow, MD; 
Fred Simmona. MD; Joel Raskin, MD 

• A 67-yearK)ld woman receiving ketoconazole, 200 mg daily 
d/v^^^T K laundlce, anorexia, and malaise 
-HmiL greatly elevated liver enzyme levels on hospital 

fat« " """" P^areaslve Lr 

nil, , ^'^ ^"^"^ disclosed acute hepatic 

hepati la. It Is suggested that ketoconazole therapy was a causal 
factor In this case of fatal hepatic failure. 
(4rc/i Intern Med 1984,-144:1069-1070) 

J^etoconazole (Nizoral), an orally effective antifungal 
agent, IS known to cause mild hepatitis' and transient 
elevation of bver enzyme levels.^ Withdrawal of the drug 
results m normahzation. of liver enzyme levels in some 

^S,'"?^^'"°,'^^"'^^^"'^y™elevel3.normaIizedespSe 
continuation of treatment." The following case, to our 
taowledge, IS the first report of fatal hepatitis a^sociaS 
with ketoconazole therapy. ^i-*i.eu 

REPORT OF A CASE 

A 67-year-old woman became jaundiced following two weeka of 
progresatve malaise, anorexia, and vague abdonuiL dLSrf 

Accepted for publication June 28, 1983 ~ 

mr^n.S*\°n'"°l5^'P"'°'''8y <°'" Sinunona) and Infectious Disease 
(Dr Ruatan), Department of toternal Medicine (Dra Dnarto 3 rh™f 
^e^Pemananta Medical Care Program of sThr^^^Jro' 
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MKI^u ^""^'t ""f^*' " «^°3nre.to persona ^th hepatiaa. 
^ She had been taking ketoconazole, 200 mg/dav/for on"ych"6mvc"g^ 
fT2^ months: prior tohospital adnrfarifc ^'SS^S' 
•■ ane dJBContmued this medication/ ^ . . ■ 

r>,Wrttl5"^*'!r o^n^d hypertanaion controUed 'with hydro-' 
chlorothiazide and angma treated with iaoaorbide dinitrate and 
juat)glyceriiu,..3ince 1S75,. shernad had. recurrent urin;^t^ri 
mfections for which she had received multiple coom^S 

talfliig aulfamethoxazole-triinethopriln- up to' two weeks before 

S°srl^? "^^J?',?" ^'^u^ examination; 
DUiruBm. bGOT, SGPT, alkaline phosphatase, and lactic dehvdro^ 
genase values were normal at that time ' - '^.S^15S!SS!S-— 

■V sti^.^T?'^""',?^^ ^ '^^'^ and jaiadic'ed,but had no 
stigmata of chrome hver disease. There was no rash or lymplwde- 

cardiorespiratoiy examination wS^'^Zt 
, °^We nie abdomen was protuberant with decreased bowel 
sounds and was shghtly tender to deep palpation over the ririit 
Ss^rS-eS! "^^'^ ^^'^^^ -eUpalpable, liS* 
Imti^kboratory values inchided a WBC count of 12,i00/cu mm. 
^il^ neutrophil, a% lymphocytes,.. 2%" monocytes, and 
l% eo8mophib. Results of other laboratory studies disclosed the 
- {""Tn?^.^"": hemoglobin, 13 g/dL:. . hematocrit?. 38 9%- 

fnS'^V ^ to35IU): alkaline phosphatase, 69unito 

^^'^L.'^UZiL^' "''^ bilirubin, IB.nig/dL (normal;,, 

Shortly after hospital admission, the patient became progres- 
sively jaundiced, anorectic, and lethargic. The mononudeosis^ot 
test was negative, as were tests for hepatitis B surface antigen 
hepatitis B core anUbody, and hepatitis A antibody. The SGOT 
level rose to 4.080 lU, the SGPT level rose to 1,630 lU. ai^ the 
bitaibin level rose to 25 mg/dL, while the prothrombin tiine feU to 

By the ninth hospital day, the patient was encephalopathic and 
was treated with lactulose, neomycin sulfete, magnesiiun cib^te 
and protem restriction. Despite tiiese measures, the patient lapsed 
mto coma. On^the Uth hospital day. she had a carlor^i^^ 
arrest from which she could not be resuscitated - 

At autopsy the Uver weighed 900 g and had a wrinkled capsule. 
Microscopically, there was acute massive hepatic necrosis with bile 
3tas». The sp een weighed 240 g and showed only mild congestion, 
inere was mild pulmonary edema. 

COMMENT . 

Ketoconazole has been reported to cause only transient 
elevation of Uver enzyme levels or clinically mild hepatitis. 
We believe our case implicates ketoconazole as a cause of 
lethal hepatotoxicity. The Food and Drug Administration 
has suice received reports of tviro additional cases of fatal 
hepatitis related to ketoconazole administration.* However 
m each of these two instances, the patients had sever^ 
underlying disease that could have caused hepatic failure 
and death, whereas our patient had been clinically weU and 
ix/i?,^" ketoconazole only for onychomycosis. 
While our patient had been exposed to another potential 
hver toxin, sulfemethoxazole-trimethoprim,' she did not 
have the fever, rash, or eosinophUia that is usually associ- 
ated with hepatotoxicity due to sulfonamides.' In addition 
she had been given sulfamethoxazole-trimethoprini many 
times over a period of six years without incident. 

Although we recognize that some cases of viral hepatitis 
may nmmc drug-induced hepatotoxicity,^ there is little to 
support a diagnosis of viral hepatitis in our patient. Hepati- 
tis A and B were excluded by the results of serologic tests. 
Non-A, non-B hepatitis infection cannot be ruled out but it 
IS a rare cause of fulminant hepatitis in the elderly. RulJier- 
more, our patient had no history of parenteral exposure 




i^^ttie cases of rion-A,. non-B infectic)G« :^:;^^^^|| 

reactivanon;af chronicrliver disease^iit:yi^^iS 
■ hver function testarecorded threeyeWpriblr^ 
the extremely high-.-Hver enzyiiiVleve^^ 
^ admission, and the histologic finding of arafe^heiV^Vl 
necrosis alone at autopsy. ...\V:' . .. ^ ^ 

ran 1983, investigators from JkiassenP^ 
uikctxzrers of ketoconazole/ attempted to estiiS^ 
quency :and severity of hepatotoxicity diie^tw^r^ 
They reviewed the records of 3,600 patients wh'^2 
—given ketoconazole for avariety of fungal infectio^ 
cases, hepatotoxicity was reflected by asymptomaf 
tiona of serum transaminase or alkaline phosphata 
These abnormalities occurred at siy time durine £ 
and often returned to normal despite the fact 'tha 
conazole thera^f was continued: Although^the^^^ 
eie^Uons were hot uncommonly seen, they liainc 
predicting m which patients symptomatic^liepat 
would eventually develop. Thus, periodic ^'s^cr^efe 
ammase determinations in patients^ recdving" 
courses. of ketoconazole may serve no clinical pu 
Their review (through Sept 15; 1982) identifiecli 
sympt omatic hepatotoxicity occurring dSSmg 1^1 
.therapy, Patients became blinically ill after ame" 
weeks of treatment: Two thirds of the patients 
than 50 years of age, and men and women we 
; afiectedi^ With.the:,exception.or6ur?^ 
massive hepatic necrosis,, all others recoverectim 
once treatment, with ketoconazole was discontin 
In view of the extensive use of ketocon^or^ 
incidence of reported toxic.reactions,." symp^^uua 
totoxicity caused- by the-" drug probably: repSg 
Idiosyncratic reaction. Janssen and Symoen^:" 
mated the incidence of suchhepatotoxidty toH&^^ 
of one in 12,000. However, that ketoconazolecan^^ 
tially hepatotoxic is attested to by our case and- u 
of Heiberg and Svejgaard.^ RechaUenge of the 
with the drug caused a recurrence of clinical syn 
elevated transaminase levels, and abnormal find'i! 
liver biopsy specimen. Unfortunately, since* eleT " 
transaminase levels do not necessarily herald sy' 
liver disease, it would appear prudent to advise 
discontinue ketoconazole and seek medical". ad\ 
ever symptoms or signs compatible with hepatit: 
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IN THE KIDNEY 

(factor VniiQ is required 
: blood-clotting cascade, A 
factor VIILC causes the 
ia A. The cloning and 
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Aoalyus of huxnim kidney and liver for factor VniiC mRNA. 

Total RNA' was isolated from normal human Uver, kidney, tnd an 
embryonic kidney cell Uac (HEK) ihaf synthesita urokinase.^ 
Poly(A)<on£ainiag RNA was prepared finm the Uver tod kidney preparadons 
ai>d the samples were analysed by doc-blot hybridisattoo.^ 

(A) spots 1 - 5: 0 • 625, 1 • 25, 2 • 5, 5 • 0, and 1 0 • 0 pgoF43O0 base-pair genomic 
DNA fragment, respectively. 

(B) spou 1-5: 10 Mg of total kidney, poly A* kidney, total HEK, total Uver, 
and poly A Uver RNA, respccdTcly. 



enriched in the poly(A)-containing fraction (figure). The abundance 
of faaor Vm mRNA in these tissues appears similar and represents 
about 1 in 100 000 of total mRNA molecules. The presence of factor 
Vin:C mRNA in these tissues has been oonfinned by the isolation 
of cDNAs from both which encode portions of faaor VIII:C 
Hybridisation of the probe to histological sections of kidney and 
liver should identify , the cell type within each tissue that is 
responsible for the production of this protein.Imniunocytochemicai 
studies have previously suggested that faaor VIILC is present in 
the endothelial ceils of the hepatic sinusoids.^ 

The relative contribution of the kidney to the pool of faaor 
VTII:C remains to be determined. However, the demonstration that 
it is synthesised by both the kidney and Uver should facilitate 
analysis of its biosynthesis. 
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ADRENAL HYPOFUNCTION IN PATIENTS TAKING 
KETOCONAZOLE 

SiR,~Ketoconazole seems to be a useful agent in the management 
of systemic mycoses* and advanced prostatic carcinoma.^ However, 
adrenal corticosteroid biosynthesis and the Cortisol response 
to exogenous corticotropin may be acutely suppressed by a 
single dose of 400 mg of drug for up to 8 h.^ Features suggesting 
hypoadrcnalism have been reported in one case;^ and we would like 
to emphasise the importance of this drug-induced side-efifect. 

We have studied six patients with advanced prostatic carcinoma 
taking 1200 mg ketoconazole daily, in equally divided doses. 
Patients showed significant blunting of 'Synacthen' mediated 
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. Cortisol responses 48 h afterstarting therapy, and thrc 
connnued to do so from time to time for up to 6 months aft 
ketoconazole. 24 h urinary free Cortisol fcU to abnormally 
(less than 1 20 nmol) in two patients; in one this w^ obscn 
an episode of acute bronchopncmnonia, and in' th 
significant hyperpigmcntation was noted after 3 month 
patients with blunted Cortisol responses had pcrsisient syi 
malaise and anorexia. . ^v--.-' 

These provisional data suggest that in'any subjea trc 
high-dose ketoconazole, relative corticosteroid defici( 
ensue and replacement treatment should be considered, p: 
in the event of stress! 

^ A fuU report of these data will be published elsewhc: 
Mlieve chat these fmdings have serious implications whic 
prescribing this drug should know about. 
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CIMETIDINE VERSUS RANITIDINE 

Sir,— A potentially important point of cUnical-irial des 
from Dr Gough and his colleagues' repon of the (Sept : 
comparison of one-year maintenance treatment with ran 
cimetidine in ' duodenal ulceration. A survey of tv 
published reports of duodenal ulcer maintenance trials w 
drug did not lead us to expea an important difference i 
efficacy between the recommended bedtime maintcnanct 
cimetidine (400 mg) and ranitidine (ISO mg). Examination 
and colleagues' report suggests that an inadvertent bias 
may have contributed to the higher relapse rate four 
cimetidine group. 

Patients were told to take three' tablets pvery night, two 
container and one from another. These tablets were e: 
active cimetidine 200 mg and one placebo ranitidine or c 
ranitidine 150 mg and two placebo dmetidinc. Compli 
estimated by coimting retximed tablets, and patients who 
more than 40% were excluded from the analysis. Such 
check on compliance is complicated in this trial by the fac 
200 mg tablet of cimetidine produces only a moderate and 
reduaion of overnight gastric acidity^ and is not an 
bedtime dose for maintaining ulcer healing. Thus the din 
of missing one of the two dmetidinc tablets is likely to appr 
of missing one ranitidine tablet. In the presence of apparei 
compliance, assessed as percentage of tablets returned, ir 
treatment due to lack of compUance could have occurred o 
many days in the cimetidine group as in the ranitidir 
Statistical calculations show that this likelihood could be i 
a factor of two and can only work "against" cimetidine. 

While there were fewer relapses in the ranitidine group : 
and second 4-month periods, the treiid was reversed in 
period. One explanation could' be that a higher proporti 
compliant patients relapsed earlier in the study. Thus b) 
period the effect of the compliance bias mentioned abr 
have been substantially reduced. 

It is impossible to judge how important this design bias 
been clinically. The faa that patients included in the finr 
could have missed up to 40% (or more) of their cablets 
allows a potential for such a bias to have affcacd the resi 
crude year-end relapse rate for the dmetidine group was ju 
than that foimd, the difference between the treatment grot 
not have been sigiuficant. 

We suggest that this source of bias should be cons 
planning trials "blinded" by the double-dummy techr 
have found that over half of a random selection of publisht 
which this technique was used were potentially subje 
weakness, which is usually easy to avoid. The point is 
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hi3^?.' P'^^'O"^ "lata suggest that in any sub;e« treated with 
e^,^ ''«<«=0'««1=. relative corticosteroid defid^J S 

r-^:::;n:&"'"™""*'-''''-«-^^««'.p«^ 

beSc^llX" ° r*?* '^J* P«bUshed ebewhere bui we 

believe that these fmduigs have serious implications which 
prescribing this drug should know about. - " ^ 
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. imponant in a lone-cmn trial whers rn^r.»;« ■ ». • 

««tmeat must alla^blTLn^ ""."^ "''^ recommended 
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&njth Kiln, i French Labomorial^ ' * / ' 

Welwyn Cnfcn Oty, Henftrdihirc AL7 IHY 
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I.Hed RC» Srasden RN, Carmine A. Mf»pU« pa c 

OMETIDINE VERSUS RANITXDINE - 

from Dr Gough and his coUeagues' rcpon of the (ScpTzTp^lS 
°^T^"" maintenance treatment with l^in. ol 
am^ndme m duodenal ulceration. A survey of twenty.fiv^ 
published reports of duodenal ulcer maintenance trials with dthlT 

^itiT '° ^ ^P^'^' difrerenceTd^S 

efficacy be wwn the recommended bedtime maintenance doses of 

™<^ne(400u,g)andranitidine(150mg).Exami^rof^^^^ 
ami colleagues' report suggests that an inadvertent bias in dSS 

Patients were told to take three' tablets every nieht two from nn. 
container and one from another. These ^e" wJi^ZT^' 
=«.ve cim«idinc 200 mg and one placebo rSdi^ or 
«nmdme 150 mg and two pUccbo clmetidine. CompC^ 
esamated by counting returned tablets, and patients whorer^ 
more than 40% were excluded from the SucTa rSS^ 

T^^" ^ ""Pliwt^d in this trij^ the &ct tJ^t we 
200 mg tablet of cimetidine produces only a moderate andt«^L«t 
^ZV^r'^^'. -ridity' and is n« ^ X^e 

bedtime dose for maintaining ulcer healing. Thus the cS^« 

of mmmg one r^mtidlne Ublet. In the presence of appaiWtl^ 

m^rS " to lack of compUance could have occurred on 

S^XZ i • « ^ ^« ^litid^eX" 

iwtisticai calculaaons show that this likeUhood could be more ^™ 
a fi^r of two and can only work "against" cime^Z^^'^'" 
""'"^ reJaps« in the ranitidine group in the first 
and^cond 4-monrh periods, the trend was reve.^ fn Uie tS 
periotL One explanation could be that a higher proportion of 

penod the eflect of the compliance bias mentioned a^ve w»^d 
have been substantially reduced. 
It is impossiblcto judge how important this design bm may have 

auows a potenual for such a bias to have affected the results, ifthi 



r»^!Jlr^ coUeaguea- study comparing the eflicacv of 

organise a year-long, demanding smdy of 4^^ 

for^T,^*f '"^•^ssvwgearedmore toofii.SS^« 
for markeong than to evaluation of clinical efHcacy!MaSS^~ 
T ^ symptomati^;.^""""" 

H..!^ i'*^ proliferation of effective new drugs for treating 
duodenal ulcer, there wiU doubtless be many^ wdi ««« 
co^anng Che efficacy of one drug with an^m^S." 
Amdenal-ufcer relapse Has not the time come for us t^^tf 
ttee dru^ ,n the real world of accepted clinical practicf^^^ 

^^^^"^ US Food and d'^' 

If a patient is feeling weU and has experienced no ulctr 
. cotpphauons, who care* whether there is; or is no^'" b,^ ih^ 

Dowe M chmcBU« so mistrust our cliaioU evaluationTof dSS 
ular patients treated with effective drugs that we must oX 
endoscopies repeatedly untU we have provfd the du^Tb^S 
be cosmeticaUy acceptable? Must A to prove renSioTd^ 
e„<toscopyonap,.fcntwho.h3Sbeensympto.^fr«fo^r^^ 

endoscopic excesses are contrary to the recommendations of 
ma,or g^ttoenterological, associations: "Endoscowh^ no «S 
J^us^l foUow-up of asymptomatic and uncompKl^Si^^ 

Boyd et al* have shown that it does not ma tter whether a duodenal 
ute u. present at endoscopy if the patient is on ra^^fS 
cimendme maintenance therapy because such ulcers are^d^ 
^ptomatic and even less likely to give rise to complicau"!^ 
» not true for asymptomatic duodenal ulcers by endoscopv k 
^l^Z V ^»py. Such cases ar^e moSy o 

become symptomaac and compUcated.' =««"yto 

Asymptomatic ulcers detected by endoscopy heal sponuneously 
)uat as often whether or mjt maintenance therapy with 

^n^tand"^"*^ -eVntan'us"; 
reminent and are not permanently cured by drugs. As physicians. 

What one should look for in a maintenance drug for duodenal 
ulcer IS dmical efficacy and long-term safety. The id«I Sfo^ 

Oepamnem of Medicine, 
Univtnity of W«shington. 

S«*.W^tas,„»,^j;SA CVRUSE.RU1.IN 

0«xtoa,tmlotr,mi,^JmMi^lin. Co«c«. of 

J. Boyd EJS. WUmo JA. Wonmhy KO. Tl» Bu, oT l»mi»<„»rt. 

"r~^ colleagues conclude that ranitidine is 

relapse. However, they ignore the difference in alcohol 
consumption between the two treatment grou^We s^ee«^ 
this difference may have biased the results'^ fLo^of 
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High-Dose Ketoconazole Therapy and 
Adrenal and Testicular 1^ in Humans 

Allan Pont, MD; John R. Graybill, MD; Philip C. Craven, MD; John N. Galgiani, MD; 
WilUam E. Diamukea, MD; Richard. E. Reitz, MD; David A. Stevens, MD 



Ketoconazole, an orat antifungal, when given In conven- 
tional doses, transiently blocks testosterone synthesis and 
adrenal response to corticotropin. HfgHer therapeutic doses 
(Fe^ 800 to 1,200 mg/day);:.even once dally, caused more pro- 
longed blockade. In some menj the serum testosterone con- 
*^entratlonS:Were always subnormal. Bound and free tostoster- 
:pne valuer werei'equally diminished. Oligospermia and azo- 
spermla after prolonged therapy were noted. Impotence and 
decreased libido: were found. Gynecomastia appeared more 
common tharr with lower doses. Depressed response to cor- 
ticotropin was pronounced. Urine Cortisol excretion was de- 
pressed. The btockadaappeared related to the serum ketocon- 
azole- concentration. Instances of normal hormone levels or 
responsiveness were associated with low ketoconazole con- 
centrations. The hormonal effects were generally unrelated to 
duration of therapy, although there may have been partial 
reversal with continued therapy. These effects appeared re- 
versible with discontinuation of therapy. Patients receiving 
ketoconazole should be considered potentially unable to 
mount an adrenal stress response and may require testoster- 
one supplementation. 
(Arch Intern Med 19a4;144;2150-2153) 

ITetoconazole is an oral antifungal agent with reported 
efficacy against a variety of pathogenic fungi in man. ^ 
The development of gynecomastia in some patients taking 
the drug^ prompted study of the effect of ketoconazole on 
steroid secretion. Previous reports showed that doses corn- 
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monly used (and licensed in the United States) i 
treatment of fungal disease (200 to 400 mg/day) tran 
block testosterone synthesis* and can blunt the 1 
response to corticotropin.^ 

Some patients with progressive fungal disea 
currently receiving high dosages of ketoj^l 
(^800 mg/day), many as participants in ongoing 
conducted by the National Institutes of Health% 
National Institute of Allergy and Infectious;;^ 
(NIAID) Mycoses Study Group/ We have studied tesf 
and adrenal function in some of these patients. Om^*' 
some of which have been presented in preliniinary|L 
show, to our knowledge for the first time, that the^ 
doses of ketoconazole can produce impotence, azospe 
and considerable diminution of adrenal responsivenel 
Cortisol secretion. 

PATfENTS AND METHODS 

Blood, urine, and semen samples were collected froc 
patients at cooperating centers. Many of these patientS 
enrolled in the multicenter NIH study.* AH patients in th^ 
were receiving ketoconazole only once daily. Patients wer^ 
with aa many of the tests described as logistically possibl^ 
multicenter study conditions; in all the data (eg, hormone 
determinations) to be subsequently given, the denominatOJ^ 
forms the subset of patients who could be studied in a partig^ 
test is indicated. The subsets were determined by logistic 
erations, and not queries regarding symptoms or results ofg 
tests. Informed consent was obtained from all subjects undk 
guidelines of the research review committee of each of the.l" 
orating centers. Serum and urine samples were shipped ira 
one laboratory for processmg. Quantitation of ejaculate sperig 
done at the zite of collection. We reiterate herein that^s] 
samples were obtained without relation to whether ornot ahg, 
of sexual dysfunction had been obtained or to results 
studies. Serum ketoconazole concentration determinations ^ 
patients were performed as part of routine monitoring^g 
multicenter study, and always without knowledge of the resg 
the endocrinologic studies, Ketoconazole concentrations" 
termined as described previously." 

Twenty-four patients were examined for gynecomaatiaifj 
mograms were not done. These patients were questione'^ 
whether impotence or decreased libido had occurred since the 
started taking the drug. lij 

Response to corticotropin was assessed by the rapid intrajj 

Ketoconazole — PopJ 
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^Spallents had been receiving smaller doses before the doaa ahown- 
-nJ duration of ketoconazole therapy is given In paremhesM 




700 800 



200 300 400 500 600 
Serum Testosterone, ng/dL 

felhfm ?nt^f1°'! °" testosterone concentra- 

-iiraTni 1 '^^'os'erone and unbound (free) testosterone 

mtm r^'f •^^'TITT^'^ '""'^ P^««"^ and after 

I^rni of ketoconazole. Each symbol represents 

i^.ZJl f T'' ^^'^ P^"«"*'^ determinations were done 
Zf^^ JlT 'hen every four hours 

a^t two determinations per patient). 



of 250 M.g of cosyntropin (Cortrosyn); blood for Cortisol 
.m.„at.o„ wa3 drawn before and 60 tninutea after the infusioT 
WmZ:^T,-''TV.^'^^ concentration was mea- 

riSt^^ '^^f ^ "^^''^^^ ketoconazole therapy and 

'.uutialadimmstrationof anSOO-tngdose 

Sk^""?-^'""'°''° ^"^ testosterone" concentration were 
ratSn "inbound testosterone con- 

^^tbTJ^^^T'^MK^ a dif'ysis technique derived from 
S^Iahn«^■ pf ejaculate sperm were done by 

f 1, ^"'2^' counting chambers. The normal value 
gHMe methods for 24-hour urine Cortisol was 20 to 90 ag/day 

«. more than 20 to more than 50 million/mL. A normal Cortisol 

iea u &«neraUy accepted as a value 60 

V^^' ^ f^^^"^^ 2^«*ter than the 

^»ame, and a peak Cortisol value greater than 18 |xg/dL." 

|: RESULTS 
|i; Gonad Function 

I^S^"*^:r^'^ "^"^^ patients studied had sperm 
4 f ^^^^"^ laboratory perform- 

SV u "^^^^ <^he lowest standard 

f fNn A^f'^'u '"^^ ^^^""^Py discontinued in one 
lA^o. b) when azospermia was noted. Three weeks 

EZ?' ™"^"'hs later! X wS 

riSe?Vi^-,r °"/'^? ^^i^'"' 2^ ™i"i°n/mL; and nine 
I later, 20 milhon/mL. Becuase of the recurrence of 

Item MpH—\/nl 144 KMwIOfld 



' ' ■^SSfe^^'^°^^''^?^S^Ws sperm count was-filf 
= ^^^^gth^exce^r^ ^pertmcbunts had not beeri 

Wnnf ^^ItP^*'^*''^^^"*®^"^*^ of their courses of^'^ 
mnnfh ^I'Jitwnal.^onths of; therapy followed by^siffe. 

re^viS?^l^l*^^*? with-^ decreased counts had been^.:. 
moS^S^^^^'?-"^?^' ^^"v^ nig/dayrof ketoconazole for 
more than, four months. Of . the three patients with normal 

?pem counts two. had bee*receiving: their present Wgh 
ketoillnf - " three Ponths.. TBe !ther h^ low seS 
abS^?^„ H^" k'^^""!' P'""™^*>'y because of poor 
out f ? dispositionrcbuld not be r^ed. 

out. Studies 2, 4 6, and 8 hours after a 1,200-me dose 
tTli?f Pf*'^"t'3 peak serum concelitrat^f was 
fs^enSv t^iTrl^r ^l^"" concentration is 

fn Tf»«ir,7 ^ ^ P^^^ concentration 

frr,™ ^1!f'^"S one sixth that dose,' while in a report 
from this multicenter study," the mean (±SE) neafcs^m 
concentration in seven patients receiving 1,200 S 
occurred four hours after the dose, was 14^3 ij.S m|/L^S 

?asTo's i'3'^;r'"'*'^"°'' ■ 

i^illif S'.f« and Symptoms.— Five of 24 patients stud^' 
• n'^^^.^f ^ y detectable gynecomastia during therapy that 
had not been noted before treatment. Thif incidence is 
higher than, that reported" with lower ketoconazole doses. 
SJI «f tl Reported impotence, and an additional 

three- of 24 noted decreased Ubido that reportedly had 
developed after mitiation of ketoconazole therapy. Specific i 
physiologic tests for impotence were not done ' 
Tfestosterone Levels—Sixty-five determinations were' 
done. Twenty-five serum, testosterone concentrations were 

Sfor^n'Jf • ^^"^l ^e concentration was" 
below 300 ng/dL m six of eight patients four hours after the 
dose, m seven of seven patients at eight hours, and in three 
often patients 24 hours after the dose. The latter three had 
testosterone values of 56, 20, and 187 ng/dL at that time. 

tierum testosterone concentrations were determined in 
six patients 24 hours after a 1,200-mg dose. In three, the 
concentration was below 300 ng/dL, and aU three had even 
lower values four and eight hours after ketoconazole admin- 
istration compared with their 24-hour value. We presumed 
that such patients would never have normal testosterone 
concentrations while receiving this dose once daily This 
was corroborated by an additional 12 serum samples ob- 
tamed from patients two to 20 hours after 1,200 mg of 
ketoconazole, all of which had less than 300 ng/dL of 
testosterone. Of the three patients who had a normal 
testosterone concentration 24 hours after a 1,200-mg dose 
serum ketoconazole concentirations, available in two were 
extremely low (^0.39 mg/L 24 hours after the dose in both). 

The duration of ketoconazole therapy in the patients with 
testosterone studies ranged from one day to 18 months. 
There was no apparent correlation of diaration of therapy 
and testosterone concentration, with the exception of the 
testosterone concentrations 24 hoiirs after an 800-mg dose 
The three patients receiving 800 mg with testosterone 
levels below 300 ng/dL 24 hours after the dose had been 
receiving ketoconazole for up to two weeks (range, one day 
to two weeks), whereas the seven with normal testosterone 
concentrations had been receiving ketoconazole for four 
months or longer (range, four to 18 months). 

Eight of the male patients whose testosterone concentra- 
tions were determined while receiving 800 and/or 1,200 mg 
of ketoconazole daily were also studied while not receiving 

K'ofn/^nna^ol^ — Pont at q| t?1S1 
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ketoconazole therapy at the same times, of day. Six were 
studied before therapy; and twoiaftertfdiflcontinuation of 
therapy, foratotalof 223ample3:A1122.testosteroi3e values 
were normal../- :r-^s- ^'^-i:- 

K^tocohazole. induced a paraUel diiixm both total 

. and unbound, testosterone coricehtrationa in five patients 
tested before and after 800- or l:200-mg doses (Figure). 
Four hours after the dose, the mean ir± SD) total- testoster- 
one level was 37%±14% of baselinaand the free testoster- 
one level was 35% ±1S%> of baseline.,- : • 
Adrenal Fiinctfort*'^^ 
Corticotropin Itesp6nse.-4TKe;eff^^ 
.c9nazole dri the cortisdF respohse^to-^OTticotropin is shown 
. in Tabled. All' 2a patients studied hid normal test results 
before initiation of therapy or 36 hours after discontinuing 
therapy. Two to eight hours after an 800- or 1,200-mg dose, 
however, there^was a sharp diminution of Cortisol response 
in most patients*." Corticotropin increased serum Cortisol 
concentration. less than 7 jtg/dL.in ten*- of 14^ studies in the 
800-mg group and nine of 11 m the l,200.mg group. Ketocon- 
azole pharmacokinetic data were available in one of the two 
patients with Cortisol increases of more than 7 |xg/dL in the 
latter group, and he also appeared to have altered phar- 
macokinetics; In two separate studies after an 800-mg dose 
his peak serum concentrations were L15 and 2.15 mg/L; in 
contrast, in 34 patients from this multiceiiter study studied 
after an 800-mg dose," the peak serum concentration was 
9.7 ±0.8 mg/L. Although the baseline Cortisol concentra- 
tion was in the normal range in the l,2G0-mg group, even 
this value was significantly (P<. 03). lower than that of the 
patient group studied when not receiving the drug. 

The duration of ketoconazole therapy in the patients with 
corticotropin studies was less than one week to 18 months. 
There was no correlation apparent between duration of 
ketoconazole therapy and adrenal responsiveness to cor- 
ticotropin. 

Urinary Cortisol Concentration. — An 800-mg dose of 
ketoconazole reduced urinary free Cortisol values by ap- 
proximately 50% in the patients tested (65 to 33 fig/day. 36 
to 13 M-g/day, and 176 to 87 M-g/day). 

Signs an^ Symptoms.— Monitoring of the HI patients in 
ttus study did not disclose symptoms, signs, or other lab- 
oratory findings suggestive of hypoadrenalism, eg, there • 
was no evi^nce of hypotension or pigment changes, and 
thSf Jy "^^""^^ ^^""^ unaltered by ketoconazole 

COMMENT 

^n!li^^'^fTf^'^^'^°''1^^.^P^^^^ t^at currently Ucensed 
dosages^, of^ketoconazole (200 to 400 mg/day) could block 

2152 Arch fntem Med— Veil 44, Nov 1984 



testosterone synthesis.* Except for three* and four* ca^ 
gynecomastia reported elsewhere, however, end-org*fi 
fects of diminished testosterone production had. notf ^ 
confirmed. We thought that the lack of reports of de 
ment of impotence or a, reduction in sperm count co^u 
be explained by the temporal nature of the testbat? 
synthesis blockade/ That is, a single 200- and 400^mg3 
of ketoconazole reduces testosterone levels for only ^ 
12 hours, allowing patients to have normal androgen-ff 
for most of the day. m 
The patients in this report had disseminated or pt^ 
sive deep mycoses (principally . coccidioidomycosis j 
were receiving high doses of the drug in expem" 
protocols.. The duration of depression of serum testpst 
was longer than previously reported* with lower Sbii 
About one third of the patients taking 800. mg/day.ftaa 
testosterone levels throughout the day, ie, their a 
testosterone concentrations- appeared never to com± 
the nomial range during ketoconazole therapy. Thi^^: 
dence appeared to be even higher after 1,200 mg of ket ' 
azole daily. We cannot be certain why low testost 
levels were not seen in every patient. Possible explanatiS 
include diminished gastrointestinal absorption of the ll' 
accelerated drug metabolism, individual resistance toV 
steroid-lowering effects, and/or increased counterre^' 
tory mechanisms. The data presented herein suggest.t 
the steroid-lowering potential of ketoconazole depej 
most on the serum drug concentrations that are pre"-^ 
and thus the lack of blockade would be less likely explaiii 
by the latter two postulates. That is, patients who do^' 
have high, serum, ketoconazole concentrations throughq 
the day may not have consistently low testosterone levels* 
depressed adrenal responses to corticotropin. More S 
are needed, however. Earlier studies do support the c 
cept that the likely explanation, for whether or not ste? 
blockade occurs lies in the serum ketoconazole concen^ 
tion. Studies with rats showed depressed in vitro testes'; 
one synthesis in the presence of ketoconazole but nor" 
synthesis in vitro by Leydig's cells from rat testes exci.i^ 
after ketoconazole administration and cultured in ther 
sence of added ketoconazole.* Studies of isolated dogtes. 
mdicated block of testosterone synthesis was present d. 
ing but not after ketoconazole perfusion.^ Finally,, 
earlier human studies* indicated a temporally inverse i' 
tionship between serum ketoconazole and testost 
cpncentrations. 

Ninety-eight percent of circulating testosterone is bo , 
to sex-hormone-binding globulin, and 2% is firee.^v 
unbound fraction is considered responsible for hona 
action." We had considered the possibility that end-o 
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s;„^ ""pvi ..<u,i ,u V! V0-, in cne uve patients atuJird'H ■ iJr- "'^ ?''i'?&^eca.cpaazoie iiasjglu 
Pcentration. Others have previously io5^ & '-'''hl^^'^*»««'oB«l!^^^ 

.-o^ole mducea a reduction in serum a^S s^iy^^^^ ' S^Hr^t?°^^^^-^P^^t^ii3tudie3.-InthSte^^^^^^ 
.tme concentatioM.'' The aaUvary better undewSj^e^S^P^ 

and duration of theranv Tf ^ot 1°®*^^®° suppression 
the correSon fSbe^^^^^^^^ *° "<>te 

SOOmgofketoconazoledayrandZaS^^^ T''^ 
depression of testosterone It" s possfwf £?H '"^^ m 
explained by loss of Leydig-s cVu sensiSv1f?f« '""^"^ ^® 
effectwithtimefbutitLelTs SreS^^^^^^^^^ 



gu^.j ».^«,tuxi<«oie cajower testosterone nroduc- 

ij&thTlfnf ^ ^ho were 

^gr high doses of the drug. Six of nine had reduced 
icounts, and two were- azospemiic. Decreaaed^iibido 
^qtence were common. The sperm count of one pa- 
t!|whon! the drug therapy could be discontinued was 
l^Su^ir ketoconazole adSstTa- 
ss re nstituted, and he again became azospermlc 
|r patients sperm_^count became normal while not 
gig-therapy We had not assessed erectile function in 
Datients. before cnm-monn^^^^t- "v-nuu ui 



|b|;entirely certain of a cause-and-effect re V^" b"t it seems more likely that thi<, roi=(7o f ! 

J^ketoconazole and erectile dSSion S'^S? f^.^'^^'^ P'^^^^ ohservztion'Ant^'^^^^^^ 
pmmon than expected, however, and- ouWpatienJs 
Jflfecreased hbido after starting the drug therapy. Si 

itet^h '""^^^ '^''^^ be verifiedStSe 

B^v jTith physiologic tests of erectile function The 

Fed spenn countin two patients wellenough to perinit 

fe>,/n r'^'^.u'^P^' the recurrence of azospSa 
gwhen- druff theranv was roinof '"r • 



fashion, however, did not show this decline = 
|e>gonadaJ effects are reversible. '^^^^^"^Pl^es effects Cuirently licensed dosages of ketoconazoIe'SoO to 

"irt^t^ ^r-j^^^.^>^ock Cortisol |M;ffira;?rir^3^pS^ 

the abihty of ketoconazole. to block testostJronfsSsis 

cesf iLSinf *'^'T- data indic^e su ! 

cess in treating advanced prostate carcinoma = 



■inn TV^ , "^S OIOCK COrtiSOl 

^iJ^t h"^"""'- ^«^P°»se to corticotropin was 
^a?id the dady urme Cortisol excretion was reduced 
IkWtf^^^^'^i"?'^^^^ tbat serum Cortisol values 
KaSf/hiih'? ^^^"i^f^""* the day in occasional 
nc^s taking high doses of ketoconazole.' As yet how- 
prehminary report of a case» represents^the on7y 
|e of a patient receiving ketoconazole and showing 
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